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(57)Abstract: 

PURPOSE: To provide a low NOx state and assure a 
stable combustion by a method wherein a first stage fuel 
nozzle is constructed under a combination of a 
dispersion combustion nozzle and a pre-mixed 
combustion nozzle and a diameter of the pre-mixed 
combustion part is formed to be shorter than that of its 
downstream side. 

CONSTITUTION: A gas turbine combustion device 15 is 
operated such that fuel is injected by a first stage fuel 
supplying means 30 into a first stage combustion region 
26 within a combustion device liner 20 and in turn fuel is 
injected into a second stage combustion region 27 by a 
second stage fuel supplying means 32 under a lean state 
of fuel and the fuels are ignited within the combustion 
device liner 20. The first stage fuel supplying means 30 
is constructed under a combination of a dispersion 
combustion nozzle 35 and a pre-mixed combustion 
nozzle 36, wherein a dispersion combustion having a 
superior combustion efficiency and stable combustion is 

realized by the dispersion combustion nozzle 35 and at the same time at the pre-mixed 
combustion nozzle 36, the diameter of the pre-mixed part at its upstream side is shorter than 
that of its downstream side so as to perform a stable combustion of the pre-mixed gas and to 
prevent its backfire. Accordingly, a stable combustion can be attained and a low NOx state 
may also be provided even under a state in which a rate of dispersion combustion with a 
frequent occurrence of NOx is quite low. 
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(57) KJKil 

i^' - tf > ^S^r -6 . 

co^ 1 g:*8^^ 2 6 i 21 oiSKj^J^ 2 6 T^mom 2 Sj^ 

^ii^2 7 ^(;:s®u mBmimiLmigL2 6{zmimm 

« 2 7 fC t^tSTiPig'^ $ nfc^ 2 a«jEf C $ « 

itsit$ii2s^»«i&^a3 1 L^^ti^timxrc:^^ 
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J 

stc;feViT. mam 1 ms&n^B^mit. mi^«^m^ 

[H^:^ 3 ] mSL% 1 SiSK^y X;^CDlttMR^(|^ y X 

[sif 4 ] ^13^ 1 wegm J X)\^<on.mmm y x 
(Ofmmo^ 1 a*K»?&#^j^pj|g;^^2 oMSisteggi: 

X;wi. yx;p$mo ffltr J; sterna. ^— 

6 1 MrlBj^ 1 JStiiSi^ J X^KD^jg-^j^^ y 

Ci!*^7] T^ii'&i6SMffiyx;pcD*K|Efjaaip«, 

[000 1] 



^-^^ 4#H¥7-1 94 8 2 

2 

[0 0 0 2] 

U * S n;^c«jft:«f ;^ ^:^f X ^ - tf >lcsgrt L.T jtf X ^ - 
fc^>:^^>HTtt:$'— t^>A□^t^$±^$ii•;5^:^S'— 
[0 0 0 3] ;^x^-tf>jBb»«tt, ;jtfx^-fcf>^iB 

[0 0 0 4] ;«fA3^-tf>ijaa»«®NOx»^CD^;^M 
[0 0 0 5] :^Ar$'-tf>jgRj^|gTNOxCD^^S<£< 

[0 0 0 6] ^m^u^mt')5^^^m\.tz.iS7s^-\i 

>mmmz. Wik^A - 4 3 7 2 6^^«fcW^$n>£: 
fe<?)*t*s. i:<D;«fXi$^-lf>j68«j|«tt. H6fc^ri 

? -S5iF^'&>fb-r«^;ii:fcJ:0. NO x^^Ji<o^ViJfc« 

[0 0 0 7] 0 6 IC^-r«5l3feO:«fX:$'-tf>jK^^S«, 

^mm^-f-^ 1 f^d^M 1 ©:isay^j« 2 aim 2 sissdiJ^ 3 

yx>4*tg8;t^e,jx^ i::<oiBS»yx;P4;5^^^iSiBSM 

[0 0 0 8] ^fz. esimm^-(±i<omo\z\t;A^>s& 

»y X;i/ 5 *tf8tii $ tl«> j>< c *as« t ^jg-^^ 

h 6 T^il^^nfc^'f >««Ctt«2ajB«S«3 tC« 

[0 0 0 9] /t-f hj88yX;P4fi. «i>.c^a 
astttenx^O. ilo*8«aBffl4a*lStDHtrJ:5Jc 

^zstha (^-f :^AP> »c>i^^«asiasj$-&-&x^^ 

[0 0 10] a£*«):^fx;$'-if>jBj»»ojieft. 
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3 

t /t^ D y hmi»(Dmnmm}t 1 mommmm^ 9 

*8» a t/M P y h^ii-&«»b »c^tt en*. 
[0 0 11] /Wn^y M£«jK«a«X»75 8lCci:01£ 

[0 012] J:©t^/WD->hifc»j!«»at/Wny 
7 7,8 ^J: tX^»iK» 4 b (OSKSait/X-f n h 
[0 0 13] ;«f;^r$'-tf>*tifi5^|^3i<g«-caigSn-6 

^-r:Mrtfci«lt$n. m2mjBK«l«3TiB«5ii:Uae>& 

[0 0 14] ^<o^7.^-\f>mmi&i:\^. jj<-f 

WLim a <0«^«/X-f n ^; hmnAiomtiiz^ D— «M 

[0 0 15] «E3f5©^X^ — fc?>iBSj^Si0SiJO^i:b 
T. #li¥4 - 9 8 0 1 4^^«tCgg^$n;^>e*% 

^. c©:;tfx^-lf>«SIS©^:&EI8;feJ:<^9j2^ 
[0 0 16] 08fc^"r;it/X3^-H>jSS«IS«, /Wo 



(3) »ai¥7-1 948 2 

4 

<o^'*b^^m\zm^^ti^m 1 ajs^^s^ 2 

[0 0 17] C:C0ft®e»»ttNOx®*l>/1-f hJS 
#iP.n^<Z)T/1<D-/ hjK»yX;^4fcJ;Sa:tSUKj»:£ 

[0 0 18] i^:^:^ \z^m7.is^-\:f>mm^\t. 

msizm'r:^x^-}f^m^<D/\^ay hm^yxjv 

[0 0 191 ^<o^7.^-^>mmi^\^. /^^uyhm 
^As/WDs/ hnmm:^u'yB<D±m«iz/^^ayh 

■ecoi^, /^^uyhu.mmei\tms\z7rcr^x^—\f: 

[0 0 2 0] tCa*^ i5^0;?!;x^-tf>y^>hJc 

Ox^[:<DeS[fit&a^"r^;fcjg,J-«, NOx»^«<D# 
T ^ N O x W5 1 ^ if ^ i: ;^ i^^g-a-l^iJIJBjl $ ^ ^ 
[0 0 2 1] 

[%§g*^«?^u<t-5a:-r'5^je] 06lc^'r^¥5l^©;^^^x 

!y h^ig'&S&^fffix y 7 ^<tr^^Mji?SSB4 b Ic^f 

fi:&t»^;fS:. ItXD/WDi/ hiaSyxJI/4TJ8»«j» 
[0 0 2 2] ^fc, 0 9{C^r^>^i$'-tf>jK«^glcM 
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(4) 
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[0 0 2 3] $15 fc. S8lC^-r:«fX^-lf>jS8j*ST 

[0 0 2 4] zi(o/\-fayhmimmm^<Dmni^\t. 

iiffiv^r. 9k%mm\z»^'^^:s>t. H4Jc^r:tf>^ 
[0 0 2 5] ^^<D:fJ:x^-\£>mt^'V\t. ±»m^ 

[0 0 2 6] :$i^m\t. ±mvrzmm^n^vx:f3itEn 

:ft^<0Xs i^Oji(D^±<D0\,mWL^m<om^^i^mz 

[0 0 2 71 ^^^a>mfDBmt. :ff7.s^-\f><o^n 
M^m^m\z. ^mmmm^^±mnmm<D»%&,p^\z 

7.^-\£>«m&^^wr^\z$>^. 
[0 0 2 8] j^^m(D^^\zm(Dmm\^. mimm^j 

-^z^msm^mkt^\zt^^. 
[0 0 2 9] *«i«o!>»ifl[)s«tt. m I §tfm y X)i^(o 
&.Wimmm J XMzj^^^n^mPt^im^. m i (om 
mm^f»tm2<DV&$^m^fs^t\zmLi^xm^v. 

-S^c^^ U :rc j^j^ ^fr?^ -5 t IT ^ iS' - H > 

[0 0 3 0] ^^ma>t^^\zwi(oBmt. mimmmy 
xjvoi^M^^mmyXMzj^^^nft^m'^ux^m 

^m^zLtffix^^:ff7.^-\f>9Sism^m»i'^\zisb 

[0 0 3 1] 



mzmm^m^mxi'm^'^nftm 2 mmm^^^^^ 

10 tb^. 

[0 0 3 2] ±K&U:rc«USS«^S^^S:/t«)Jc. * 

ICHDAT. il*3S2JC|B«U/S:J:'5k:. m^%\mm 

3 fcE« ufci 5 tcssfsa 1 mm/X)\^o>tmxmm 
jXMt.^^-mz^-ismzmn^m'i^^^mi'^. zkd^ 
nm^m<DS^^m\z^mMi^m^. ^n^nm^t^n. ^ 
w 9Lm^m<Dm 1 mnmmm\z^fs.iztstm^n^'r^^r^ 

jvoi&mn&mm j X)\^\zii^iSL^n^mvimm\%. izm 

[0 0 3 3] ts^\z. ^^m\zm^:^:^^-}^>mm^ 
±i&hrcMm^m^'r^r^ii>\z. m^mimrz}t2 
30 (DmmHmyzjBXx. m:».^^\z^m\^it^^\ztmm 
\WLVmjX)v<D'f^m'^w^^mJX)vn.. ^usimtm/ 

1 B:j»« y X;KD^jg^jS8«ii3 y XMt. 

siTRm 7 \zam u/tj: -5 ^z^j^m-^amm j x;ko«»« 
4(7 mp«. y::^n.'y-i^(o^%wm\zm^mzmmt^ 
Wk(j>^mz^t\^t\m^^ntz%<j>x^^. 

[0 0 34] 

«ri6L. lt»««ffiyx;wTjKSfe«i*tK^^^{4{c» 
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(5) 

7 

[0 0 3 5] %7.^-\i>m^\zmK^ti^m\wtm 

aiMKfflcDi^i^ll ^ A □ « Jc^^lc l£lHl A S X 

to 0 3 6] -^(Dis* y x;Hi> 

[0 0 3 7] Sfcm 1 i3:iS^^«»&#g:<o^ii'&iliKj^^ y 

TFoTsT — — 

[0 0 3 91:^ «*^5gic«s:«;>^^-if>j8«fe»i 

S^-f:^2 0f^JCJ^^$n^iKfife^2 ITjffi^^^'tlC 
^OjBR«l;^tfX&h^>i^v'3>tf-;^2 2^ 

[0 0 4 0] :«fXr$^-tf>«S«l3§l 5f^n>:/Wv/-y-l 50 



4^M^7-l 94 8 2 

B 

2 3 i^JciSRj!ftS^-f :^ 2^^te t bXiRlfiS 
n^. jKiKI§7'<:^2 0i^}c(dJI8l^2 
n«2 3 2 0 i:<OMJclR« (XU ©Htt 

^aoSSK 2 4 ;&<?^dc$n^. 2 4 sa^^ 

[0 0 4 1] «Slli5-r:^2 0f^tI?g^$nS*Kj^^2 

1 nj^^g^-f :^ 2 0 (D^^mzM^-^n^m i ss^isii 

[0 0 4 2] ^:rc. ^KgfeS§^^:^2 ocr>^SB«{cHIH 

Jt;3rii:*siia«;««j>&^a3 o^tga^ten. eicDSii 
a«s^Bf^i&^a 3 0 «^ 1 mmt^ 2 e (;i/x-r a 

»/x;P3 i^KlKsn, iio/wn^y h«s»yx;P3 

1 <Z)^«>C^ 2 2 7 tC^ 2 aiB^i^ bXCD 

3 l©^^^»c«:fll^nfe«»«©^2g:j^fsfyx;Pt 
UTO;<-r >«ii^yx;^3 3^-r^o /Wnvh*8«y 

X;P3 1 a:j?<-f >«»yXJP3 3 tJ4«lj^Sg^«2 30 

[0 043] /^-r D his^^y x;^ 3 1 tJ^i'^cD/x-r 
'&jK».^yx;i'3 6^i;^^m$n. »m^^'i^2o 

[0044] /way hife«jBRftffiy x;p3 5 <ommm 
D y 1 ai ^sgrt-r-s/w d y hi^mm 

m^m 2 a^gf; 3 9 id^^n^tmn ^ n^. 
[0 0 4 5] ywDyhl£»iK«iiiyx;P3 5{ctt, ^ 

»2«itP43. 4 4iAmvt^ti^. /^^uvhitmm 
mmimitn4S2i2m»a4 4\t/^^uv hmmm 

;Er. SI[5l^«(^/WD^hi&tSdlSj^^^Kffi4 0Cr> 



(6) 

9 

[0 0 4 6] n^u^:fVmm/X)VZl(o;\^u 

mm^f5X&»A 5 C:©^afia»4 5 1^7- 

^ll'&il!Ki^«^SLM^Sfi54 5 (DXUmzW^-^ Uvh=^ 

m^i&mmTs y ^ 4 6 rrii ^-^Ko^^iiKfis 4 

[0 0 4 8] n^uyhn&mmyxjvsKD/-^^ 
n y hisftiesj*^ y x;i/ 3 5 o y x;i/5fe«s? j^h 3 

^^a^g^ 4 0 D y htn^mmnfB 1 :fo<i:rxm 2 m 

ltD4 3. 4 4^2lHlbTSiI^SX7«*&?l (H^-fr 
[0 0 4 9] /\^ayh^1^yX)]^3 1\Zj^fSitEn^^ 

75^]*3iPSr:fhbT*^^SK»4 0. 4 5fc2Se»n'5J: 
^\ZU'oX^^^. 

[0 0 5 0] «S«lg^-f:^2 o©^«lc«. ^® 

5 s^tp^-f vj^wyxji'S 3ic5t^fRiUT^s$n. m2 

K«8|EF^»^a3 2;&tsi^;3cn<5. h 5 5(^) 

APlC«»2a««yX;Pi:UT(7>P^-f >jB»/X;P3 40 
33C^^ffi^T^^), ^-I^X^fiyXJl^S 3d^^«[lW$n^ 

ffiP;$i^m2SiK«i«2 7rtJC»«tt^-a'«^.fc^JCJ^-3T 
ti-S. hfflPfc»^il-&^^ h 5 5 0:S^*rRllC« 
oT«»OjB»«|*P 5 6)&5MPbTl^^. 

[0 0 5 1] ^^cic, :j??Xi$^-tf>i^«ISl 5<of^«$K 

[0 0 5 2] i)yf.^-\i>mms^i5(Dmmtfsy^^- 

t:>l 7(DSe*C«UT^»$n. :^fX^-lf>l 736^ 50 



#H3¥7-1 94 8 2 

«ikbT3&^&:«f>^^-f>fi«r3&«ox^-ctt> mism 

^5^yx;^^:bTco/W^!y hjS)RyXJV3 leo/Wnv 
hi£««lf^m 1 m»&3 8 d y 1 lt««8 

mat itmrn-^n^. 

[0 0 5 3] /Uuy h^mmnf^ 1 mf^mai «lt« 

W:^^?^WPM«^Jt^/MD-/ ha:««S|Ejm 1 iRItP 
4 3 6 itSn^SCD A< P ^ 1 a i ft^m 

«iim^nitRjs^vxm.9mm^ffmK mimns^m2 

[0 0 5 4] :t^:!^!^-\f>^m^o%^m^^±^'t^ 
\zm^^ m4\zm^j:3\z. h-^)]^ 

^Py hm2i£«t^K1S^a2 :fe<tlK/WP^/ h^^l-a-jSKR 
b^tftA-rs, /WPy h^2ffi«jSR»aa «^-br> 

[0 0 5 5] /t-f h^il'&jl^i^bH, mn^ 

^m,(Ditx^^9&^iti)^^m^^m<o^m^mmx^m 
mm\zmcn^^'^\zvmmmfim^tin^. 
fimmmFtf^^/'^^ayhm2^imma2 t/^py 
hi^m^immmh^m\^^ftmx>iivuriy hmimsL 

jttRax tvx&xtsn^o 

[0 0 5 6] /^-itny hl^m^tSimmy X)V3 6ttT^ 
aL^-4^^^ilBg54 5tC^bT*t#4^ (¥S;5'fn]) 1:1 

^auTj^^$n. -hia^^'&«i»yxjP3 6<oitt;&fRj 

^^g-a-iRSj^^m y X;v 3 6 o^jg^SKF^r® s&t^— 

SlS^-f :^2 0O»ia*K«ll«2 6rtT«K«IUT'bNO 
[0 0 5 7] /X-f n-; h^eg^*Sj^^/X;V3 6<0^^1 

il'&«Mlffi;^y^4 6c[)JiIiIA&«;^«3 0- 

mw\zm&ri>^^x. ««SS^>f:^2 0rtlci«St 

$n;t/'^^P!y h^^g-aaisfb^. WF^eT^-ri-^ 
ic. ^i^ik0k^mgL\yX\^^^/^<oyhimtm&i , 

[0 0 5 8] :^tfX^— If^^^e^^^-h^-r^i:. 

«8«IS^-f 2 0 <z>KSSS[ 2 1 We<oiBi**Xia**t, 

^2 ^ ^^^jaift^ :^ j^a^ c ^^a^ca. 

m\zm'^. 

[0 0 5 9] ::(D:^7.^-\^>^m(0^MX. m4\z^ 
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11 

JigT^Tck^lcj^-f >«S»C&J9:AU Solemn 

[0 0 6 0] r<D:J5;x3'-H>i5?l^iii z'; 

D y h^Jg-S-iSWy X;P 3 1 <?)/^-r n hSKOiSKSIffi 

[0 0 6 1] ^1t. /Mn*y MI2JS«yK««ltP4 4 
)0V'^^ D 1 *£««S«««P 4 3 e»3£ar LT^tt 

e»nTv^-5CDT. «s««»p«r»<Dj««MJE^ifij«3te^ 
^75?*^. -:?^/^-f p^y hi^^i'&j^«fe.myx;P3 6«, 

^mnsimmmm f ^^tiQz^\zmgL^ti^m^hti.^x 

[0 0 6 2] Se.lcp<-f >*^<BfC©^21'8-;itfX«^ei'& 

2 mWimm ai p y hi^&^«mhifimm- 

mmi$.2 7\zmM^n^<ox7^^^x9^i^mt^^. ^ 

[0 0 6 3] (lO;^^ >*K3BCgAia^©:^fXi5'-tf> 

J: -5 h-:j^;M8«ic*#r^>/w p y h« 2 mum a 
m^^mt-^\z^'Dtz^^m^a^. iKi^^iST.^- 

[OO64]05tt> ClCDjJ^X^^— t:>jSSj»Sgl 5<0j1 
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12 

©teNOx^fA^-bf>«MIS«r«'<T. NOx«*si 

/'2'-l/3f::«d>'rscit3&^t)*^^>. ccD:ifXi$^— tf 
1 5 JC;feUT. NOx«*tt^-^ffih^^;S^: 
|B|^«2 0%-'2 0»5KO^-bf>^ffir©i:€r, ^ 
S'&;>^^>j^?fCOt9:A7&^PBS^$n, ^^^^3 0%^^^ 

o:^^A3'-H>ft«f^^cNOxl^;&«/J^^c;^s. cko^i 

[0 0 6 5] ft^s yi^^mz%^i^7.^-\i>m^mz 

[0 0 6 6] m7L\t. n-(tiyhimjmf^i^^xsm 

yx;i/s/^-f py h=f^m^«mm7.^'^a>±WLm\zWM 
vTcr). /^^ayhi^m-^i^^yxjvti^m^wzf^gi 

e» ic, / w p h ^mm^m^mifm i ies^a^ 2 

[0 0 6 7] 

i^'-\f>«mmt. mimmm^mm\z2:Dmffm^ 
-(^^(omim^mmzmm^nim^'^^-:^. m2m 
^m^n^m\zx r)mn^m^mxm2mmmmzmn 

31-r*i:i:t>JC. ^il^«MSffiyX;kTNOx3^Jti:^ 
iiag^ L ^ 5 fz*K«*»4^l87?^S'&f ^ T-^l'&SP 

40 [0 0 6 8] i57s^-\^ymmmzm^^n^miWL9^ 

^xumz ^mzw^ a ^ x 
9^^:«»«^^ps^^t^«iS^:•r^^:^:lc<fcr). «» 

[0 0 6 91 -eoe, s««»ijiyx;wt. «stEffi%ffi 
5z? ^xwLmzir>x. %\mm^n^ii7s^-\i>^^^ 
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13 



14 



[0 0 7 0] ^;^^i^*S^f«iS^i3:<^)^ig'&«IM^y 

[031 *fg§g<D^;:^^-lf>JK«li«Jwffl^»^a*n*|g ^ 
1 warn J vx<Dn^ d vm^/ X;Kz>/i-f n 

[04] ^fm\z^^fi7.^-\i>i^m<^^mmmtL 

[0 5] *^?g»c^^:^x5'-tf>*Sfilig(^;^fXi5^-lf 

<DN O X «ft Jttt UT^f 0. 
[06] <£NOx>fkUfctSa5cO;jt;x^-tf>*»J^|gO- ^ 

[07] m^\z^t:^:^^-\i>mm\z^n^^im 

E^^^f 0. 
[0 81 <£NOxibLrc^©;^IX3'-t:>«SftSOto 



[0 9] 0 8 ^7h'r^^<Di^7.^-}£>mm^m^^ 

[010] m9\z^tii7.^-}d>msm\z^n^^f& 
3iBfaB^*^-r0. 
[««<z>a§gi 

15 *X^-lf>jB»l« 

16 :^JX^-Vf>y^>h 

1 7 

1 8 n>:^uyif 

2 0 «aftS7<:^ 

2 1 
2 2 
2 3 
24 
2 6 

2 7 

3 0 
3 1 
3 2 
3 3 
34 
3 5 
3 6 
3 7 
3 8 

3 9 

4 0 
4 1 
4 3 
44 

4 5 

5 0 



SSlSiBSMM 
M2S:«m^ 

/ w n y hmmmm j x;v 



[031 



[041 



31 

37 _ / 
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Defects in the images include but are not limited to the items checked: 

□ black borders 

□ image cut off at top, bottom or smes 
□Tfaded text or drawing 



U BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFER£NCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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